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This grant focused on the mechanisms of metabolic changes associated with unweighting

atrophy and reduced growth of hind limb muscles of juvenile rats. Metabolic studies
included a number of different areas. Amino acid metabolic studies placed particular

emphasis on glutamine and branched-chain amino acid metabolism. These studies were an

outgrowth of understanding stress effects and the role of glucocorticoids in these animals.

Investigations on protein metabolism were largely concerned with selective loss of

myofibrillar proteins and the role of muscle proteolysis. These investigations lead to finding

important differences from denervation and atrophy and to define the roles of cytosolic

versus lysosomal proteolysis in these atrophy models. A major outgrowth of these studies

was demonstrating an ability to prevent atrophy of the unweighted muscle for at least 24

hours. A large amount of work concentrated on carbohydrate metabolism and its regulation

by insulin and catecholamines. Measurements focused on glucose transport, glycogen

metabolism, and glucose oxidation. The grant was used to develop an important new in situ

approach for studying protein metabolism, glucose transport, and hormonal effects which

involves intramuscular injection of various agents for up to 24 hours. Another important

consequence of this project was the development and flight of Physiological-Anatomical

Rodent Experiment-1 (PARE-I), which was launched aboard space shuttle Discovery in

September 1991.

Detailed descriptions of these many studies can be found in the 30 peer-reviewed

publications, 15 non-reviewed publications, 4 reviews and 33 abstracts (total 82 publications)

which were or are scheduled to be published as a result of this project. These publications

grouped by area (i.e. amino acid metabolism, protein metabolism, carbohydrate metabolism,

and space flight studies) are found on the following pages in chronological order.



Amino Acid Metabolism

. Tischler ME, Jaspers SR (1982) Synthesis of amino acids in weight bearing and non-weight

bearing leg muscles of suspended rats. Physiologist 25:$155-S156.

, Tischler ME, Jaspers SR, Fagan JM (1983) Prevention of metabolic alterations caused by

suspension hypokinesia in rats. Physiologist 26:$98-$99.

. Tischler ME, Jaspers SR, Fagan JM (1983) Prevention of metabolic alterations caused by

suspension hypokinesia in leg muscles of rats. IUPS - Gravitational Physiology Symposium,

Moscow, USSR. (Abstract)

. Tischler ME, Jaspers SR (1983) Metabolic alterations caused by suspension hypokinesia in leg

muscles of rats. Space Biology Symposium. (Abstract)

. Jaspers SR, Tischler ME (1984) Regulation of glutamine production in soleus muscles from

hypokinetic/hypodynamic rats. Fed Proc 43: 1549. (Abstract)

. Jaspers SR, Jacob S, Tischler ME (1986) Metabolism of amino acids by the atrophied soleus of

tail-casted, suspended rats. Metabolism 35:216-223.

. Tischler ME, Henriksen EJ, Cook PH (1988) Role of glucocorticoids in increased muscle

glutamine production in starvation. Muscle Nerve 11:752-756.

. Jaspers SR, Tischler ME (1988) Insulin effect on amino acid uptake by unloaded rat hindlimb
muscles. Horm Metab Res 20:125-126.

. Tischler ME, Henriksen EJ, Jacob S, Satarug S, Cook PH (1988) Problems in analysis of data

from muscles of rats flown in space. Physiologist 31: S 10-S 13

10. Jaspers SR, Henriksen EJ, Jacob S, Tischler ME (1989) Metabolism of branched- chain amino

acids in unloaded leg muscles from intact and adrenalectomized rats. Metabolism 38:109-114.

11. Jaspers SR, Henriksen EJ, Satarug S, Tischler ME (1989) Effects of stretching and disuse on

amino acids in muscles of rat hind limbs. Metabolism 38:303-310.
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Carbohydrate Metabolism

1. Tischler ME, Henriksen F_J, Jacob S, Cook P, Jaspers S (1985) Response of rat hindlimb

muscles to 12 hours of recovery from tail-cast suspension. Physiologist 28:$129-S130.

2. Henriksen F_J, Tischler ME (1985) Possible mechanism for changes in glycogen metabolism in

unloaded soleus muscle. Physiologist 28:S 131-S 132.

3. Henriksen F_J, Tischler ME (1985) Effect of disuse on carbohydrate metabolism in muscles

from suspended rats. Fed Proc 44:1391. (Abstract)

4. Henriksen EI, Tischler ME, Johnson DG (1986) Increased response to insulin of glucose

metabolism in the six day unloaded rat soleus muscle. J Biol Chem 261:10707-10712.

5. Henriksen F_J, Tischler ME (1986) Characterization of the diminished capacity for glucose

uptake in the 24 hr unloaded soleus. Abstracts for Annual Meeting ASGSB 2:43. (Abstract)

6. Henriksen EJ, Tischler ME (1987) Acute unloading of the soleus results in a diminished

capacity for glucose uptake. Fed Proc 46:326. (Abstract)

7. Henriksen EJ, Tischler ME (1987) Recovery of glycogen following short-term unloading of the

rat soleus muscle. ASGSB Bull 1:23. (Abstract)

8. Kirby CR, Henriksen El, Cook P, Tischler ME (1987) Metabolic response of skeletal muscle to

isoproterenol following unloading or denervation. ASGSB Bull 1:23. (Abstract)

9. Henriksen EJ, Tischler ME (1988) Time course of the response of carbohydrate metabolism to

unloading of the soleus. Metabolism 37:201-208

10. Henriksen EJ, Tischler ME (1988) Regulation of skeletal muscle glucose uptake: effect of acute

unloading and subsequent reloading of the rat soleus muscle. J Appl Physiol 64:1428-1434.

11. Henriksen EJ, Kirby CR, Tischler ME (1989) Glycogen supercompensation in rat soleus

muscle during recovery from non-weight-bearing. J Appl Physiol 66:2782-2787.

12. Kirby CR, Henriksen EJ, Hartshome WJ, McCready SM, Tischler ME (1989) Fractional

activities of glycogen synthase and phosphorylase during recovery of the 72-hour unloaded

soleus. ASGSB Bull. 2:56. (Abstract)

13. Kirby CR, Tischler ME (1990) Beta-adrenergic effects on carbohydrate metabolism in the

unweighted rat soleus muscle. J Appl Physiol 69:2113-2119.

14. Kirby CR, Tischler ME (1990) Receptor and post-receptor stimulation of cAMP production in

unweighted and denervated soleus. ASGSB Bull 4:63. (Abstract)

15. Kirby CR, Woodman CR, Woolridge D, Tischler ME (1991) Unweighting but not denervation

increases muscle hormone sensitivity in vitro and in vivo. ASGSB Bull 5:36. (Abstract)
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16.

17.

Kirby CR, WoodmanCR, WoolridgeD, Tischler ME (1992) Cyclic AMP accumulation and

J_-adrenergic binding in unweighted and denervated rat soleus muscle. Metabolism 41:793-799.

Henriksen F_A, Ritter LS, Munoz, KA, Tischler ME (1992) Enhanced effect of insulin-like

factors on glucose transport activity in the unweighted rat soleus muscle. ASGSB Bull 6:93.

(Abstract)
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Metabolism

Jaspers S, Tischler ME (1982) Correlation of quantity and the metabolism of protein in

hindlimb muscles of hypokinetic rats. Fed Proc 41:867. (Abstract)

Jaspers SR, Fagan JM, Tisehler ME (1983) Effect of limb immobilization on protein turnover

and redox state in muscles of hypokinetic rats. Fed Proc 42:1815. (Abstract)

Fagan JM, Tischler ME (1983) Protein degradation and redox state in leg muscles of diabetic

rats. Fed Proc 42:1815. (Abstract)

Jaspers SR, Tischler ME (1984) Atrophy and growth failure of rat hindlimb muscles in tail-cast

suspension. J Appl Physiol 57: 1472-1479.

Allen DK, Cook PH, Tischler ME (1984) Comparison of thioltransferase activity in tissues of

the rat. Fed Proc 43: 1786. (Abstract)

Tischler ME, Fagan JM, Allen DK (1984) Relationship of the redox state to muscle proteolysis.

Intl Symp on Intracellular Protein Catabolism. (Abstract)

Tischler ME, Fagan JM, Allen DK (1984) Reduction-oxidation state as a mediator of hormonal

control of muscle proteolysis. J Mol Cell Cardiol 16 (Suppl. I):36. (Abstract)

Jaspers SR, Fagan JM, Tischler ME (1985) Biochemical response to chronic shortening in

unloaded soleus muscles. J Appl Physiol 59:1159-1163.

Tischler ME, Fagan JM, Allen D (1985) Relationship of the redox state to muscle protein

degradation. In: Fifth International Symposium on Intracellular Protein Catabolism (KhairaUah

EA, Bond JS, Bird JWC, eds.) Alan R. Liss Inc., New York, pp. 363-372.

Henriksen F_J, Tisehler ME, Jacob S, Cook PH (1985) Muscle protein and glycogen responses

to recovery from hypogravity and unloading by tail-cast suspension. Physiologist 28:S193-S194.

Tischler ME, Allen DA (1986) Comparison of thioltransferase (glutathione: disulfide

oxidoreductase) from various rat tissues. Enzyme 34:220-223.

Jaspers SR, Tischler ME (1986) Role of glucocorticoids in the response of rat leg muscles to

reduced activity. Muscle Nerve 9:554-561.

Fagan JM, Tischler ME (1986) Reduction-oxidation state and protein degradation in skeletal

muscles of growing rats. Growth 50:139-146.

Fagan JM, Tischler ME (1986) Reduction-oxidation state and protein degradation in skeletal

muscle of fasted and refed rats. J Nutr 116:2028-2033.

Tischler ME, Ost AH, Coffman J (1986) Protein turnover in adipose tissue from fasted or

diabetic rats. Life Sci 39:1447-1452.
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24.

25.

26.

27.

28.

29.

30.

Tischler ME, Leng E, A1-KanhalM, Mnichowicz J, Reiser1, Norton LW (1986) Metabolic

response of muscle to trauma: Altered control of protein turnover. In: Clinical Nutrition and

Metabolic Research (Dietze G, Grunert A, Kleinberger G, Wolfram G, eds.) S. Karger AG,

Basel, pp. 40-53.

Tischler ME, Eisenfeld S, Rosenberg S, Henriksen EJ (1986) Role of lysosomal proteolysis in

soleus muscle atrophy by unloading. Program for Annual Meeting ASGSB 2:43. (Abstract)

Fagan JM, Satarug S, Cook P, Tischler ME (1987) Rat muscle protein turnover and redox state

in progressive diabetes. Life Sci 40:783-790.

Tischler ME (1987) Muscle protein degradation and its regulation. In: Nutrition '87 (Olleander

A, ed.) American Institute of Nutrition, Bethesda, pp. 135-140.

Tischler ME, Satarug S, Cook P, Henriksen EJ (1987) Comparisons of in vitro metabolic

responses in unloaded or denervated soleus of rats. ASGSB Bull 1:23. (Abstract)

Satarug S, Cook P, Tischler ME (1987) Time course of in vivo protein metabolism of the

unloaded soleus and the effect of stretch. ASGSB Bull 1:23. (Abstract)

Henriksen F_J, Satarug S, Tischler ME, Furst P (1988) Responses of lysosomal and

non-lysosomal proteases to unloading of the soleus. In: Proteases 1I. Potential Role in Health

and Disease (Horl WH, Heidland, A, eds.) Plenum Press, New York, pp. 235-242.

Jaspers SR, Fagan JM, Satarug S, Cook P, Tischler ME (1988) Effects of immobilization on rat

hind limb muscles under non-weight-bearing conditions. Muscle Nerve 11:458-466.

Fagan JM, Tischler ME (1989) Effects of oxygen deprivation on incubated rat soleus muscle.

Life Sci 44:677-681.

Tisdller ME, Satarug S, Henriksen EJ (1989) Comparison of atrophy mechanisms in unloaded

and denervated soleus muscle. Intracellular Proteolysis. Mechanisms and Regulations.

(Katunuma N, Komianami E, eds.) Japan Scientific Societies Press, Tokyo, 483-484.

Tischler ME, Henriksen EJ, Jaspers SR, Jacob S, Kirby CR (1989) Changes in muscle

accompanying non-weight-bearing and weightlessness. In: Advances in Myochemistry (Benzi G,

ed.) pp. 325-338, John Libbey Eurotext Ltd., London.

Tischler ME (1989) Mechanisms of protein loss with muscle atrophy. ASGSB Bull 2:17.

(Abstract)

Tischler ME, Kirby CR, Rosenberg SB, Chase P (1989) In vivo evidence for different sites of

accelerated proteolysis in unweighted or denervated soleus. ASGSB Bull 3:72. (Abstract)

Kirby CR, Tisehler ME (1989) Evidence for sparing of membrane proteins during atrophy of

unweighted rat soleus. ASGSB Bull 3:87. (Abstract)

Tischler ME, Satarug S, Eisenfeld SH, Henriksen F_J, Rosenberg S (1990) Insulin effects in

innervated and denervated non-weight-bearing rat soleus muscle. Muscle Nerve 13:593-600.
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32.
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34.
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36.

37.

38.

39.

40.

41.

42.

43.

Tischler ME, RosenbergS, SatarugS, HenriksenEl, Kirby CR, Tome M, Chase P (1990)

Different mechanisms of increased proteolysis in atrophy induced by denervation or unweighting

of rat soleus muscle. Metabolism 39:756-763.

Springer L, Kleiner D, Kirby C, Tischler ME (1990) Alterations in muscle membrane enzymes

during disuse atrophy. ASGSB Bull 4:64. (Abstract)

Tischler ME, Kirby C, Rosenberg S, Tome M, Chase P (1991) Mechanisms of accelerated

proteolysis in rat soleus muscle atrophy induced by unweighting or denervation. Physiologist

34:S 177-S 178.

Munoz KA, Tischler ME (1991) A novel approach to measuring in vivo protein synthesis.

ASGSB Bull 5:55. (Abstract)

Tischler ME, Henriksen EJ, Munoz KA, Stump C, Woodman C, Kirby CR (1992) Spaceflight

effects on muscle protein and soleus muscle response to insulin. World Space Congress,

Washington, DC. (Abstract)

Tischler ME (1992) Estimation of protein synthesis and proteolysis in vitro. In: Modern

Methods in Protein Nutrition and Metabolism (Nissen S, ed.), Academic Press, San Diego, pp.

225-248.

Munoz KA, Satarug S, Tischler ME (1992) Time course of the response of myofibrillar and

sarcoplasmic protein metabolism to unweighting of the soleus. ASGSB Bull 6:34. (Abstract)

Isaias T, Truesdell M, Rodriguez S, Tischler ME (1992) Effects of modified gravitational

orientation on adult development of Manduca sexta. ASGSB Bull 6:46. (Abstract)

Munoz KA, Satarug S, Tischler ME (1993) Time course of the response of myofibrillar and

sarcoplasmic protein metabolism to unweighting of the soleus muscle. Metabolism 42:1006-
1012.

Henriksen El, Munoz KA, Aannestad A, Tischler ME (1993) Effects of unweighting on protein

content and in vivo protein synthesis in skeletal muscles of trained vs. sedentary rats. ASGSB

Bull 7:48. (Abstract)

Munoz KA, Aannestad A, Tischler ME, Henriksen El (1994) Skeletal muscle protein content

and synthesis after voluntary running and subsequent unweighting. Metabolism, in press.

Henriksen El, Munoz KA, Aannestad A, Tischler ME (1994) Cardiac protein content and

synthesis after voluntary running or head-down suspension. J Appl Physiol, in press

Tischler ME (1994) Effect of the antiglucocorticoid RU38486 on protein metabolism in

unweighted soleus muscle. Metabolism, in press.
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SpaceFlight Studies

, Tischler ME, Henriksen EJ, Jacob S, Cook PH (1985) Responses of amino acids in hindlimb

muscles to recovery from hypogravity and unloading by tail-cast suspension. Physiologist

28:$191-$192.

. Tischler ME, Henriksen FA, Jacob S, Satarug S, Cook P (1987) Problems in analysis of data

from muscles of rats flown in space. 9th Annual IUPS Commission on Gravitational (Abstract)

Physiology, Czechoslovakia.

, Munoz KA, Tischler ME (1990) The effect of a space food bar diet on weight gain and muscle

mass in weight-bearing and unweighted rats. ASGSB Bull 4:63. (Abstract)

. Munoz KA, Tischler ME (1991) The effect of a space food bar diet on body and muscle mass

in normal and hind limb suspended rats. Aviat Space Environ Med 62:875-878.

, Tischler ME, Henriksen EJ, Munoz, KA, Stump CS, Woodman C, Kirby CR (1992)

Spaceflight and earth-based unweighting produce similar effects on muscle of young rats.

ASGSB Bull 6:57. (Abstract)

, Tischler ME, Henriksen EJ, Munoz KA, Stump CS, Woodman CR, Kirby CR (1993)

Spaceflight on STS-48 and earth-based unweighting produce similar effects on skeletal muscle of

young rats. J Appl Physiol 74:2161-2165.

o Henriksen EJ, Tischler ME, Woodman CR, Munoz KA, Stump CS, Kirby CR (1993) Elevated

interstitial fluid volume in soleus muscles unweighted by spaceflight or suspension. J Appl

Physiol 75:1650-1653.

9



Reviews

. Tischler ME, Jaspers SR, Henriksen F_J, Jacob S (1985) Responses of skeletal muscle to

unloading-a review. Physiologist 28: S 13-S 16.

. Morey-Holton E, Tischler ME (1988) NASA Workshop on Biological Adaptation. NASA
Technical Memorandum 89468.

. Tischler ME, Kirby CR (1991) Space Travel (Biochemistry and Physiology). In: Encyclopedia

of Human Biology, Vol. 7 (Dulbecco R, ed.), Academic Press, New York, pp. 143-152

. Tischler ME, Morey-Holton E (1993) Space research on organs and tissues. NASA Technical

Memorandum 4502.
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